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Abstract 
Nutmeg (Myristica fragrans Houtt.) is the seed kernel of inside the fruit. It has been studied to having number of 
ethnopharmacological properties. Essential oils are secondary metabolites which originated from different parts of plants 
and made up of volatile compounds. In the present study, the essential oil extracted from nutmeg was investigated for its 
in vitro cytotoxicity on Vero cell line (normal cell line) and anti-parasitic activity against Toxoplasma gondii parasite. 
Nutmeg essential oil showed very low cytotoxic activity against Vero cells with IC50 value of 24.83μg/mL. In the in vitro 
anti-T.gondii assay, the oil extract showed significant inhibiting activity with EC50 value of 24.45μg/mL. This result was 
comparable to the standard drug clindamycin (EC50=16.57μg/mL.). Based on the promising results, nutmeg essential oil 
may be further studied for its mechanism of action against T.gondii and to isolate the bioactive compound(s) to treat 
toxoplasmosis. 
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1. Introduction 
Since long time back, aromatic herbs and spices have been added to various foods as ingredients to 
improve the taste, flavor and organoleptic properties. Essential oils are secondary metabolites which derived 
from plants, herbs and spices are made up of volatile compounds comprising volatile constituents like lipids, 
terpenoids, ketones, phenols and oxygenated derivatives. The aromatic plants and spices are commonly used 
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in phytotherapy and mostly related to various activities of their essential oils, such as antimicrobial, 
antioxidant, antifungal spasmolytic, carminative, hepatoprotective, antiviral and anticarcinogenic activities [1]. 
Nutmeg (Myristica fragrans Houttuyn) is the seed kernel of inside the fruit and mace is the lacy covering 
(aril) on the kernel (Nadkarni, 1988). It has been studied to having anthelmintic, hepatoprotective anti-
inflammatory, aphrodisiac, insecticide properties and a treatment for rheumatism, diarrhea, asthma, 
atherosclerosis and flatulence [2-4]. 
Toxoplasma gondii is an obligate intracellular apicomplexan parasite that has the ability to infect and 
propagate in virtually all nucleated host cells [5,6]. Infection of T.gondii causes toxoplasmosis, an infectious 
disease that occurs worldwide. Infections are often asymptomatic in immunocompetent hosts, but severe 
toxoplasmosis can result from infection of immunocompromised hosts and fetuses [7,8]. 
It is important to point out that the standard therapies for toxoplasmosis - the combination of 
pyrimethamine and sulfadiazine, clindamycin, azithromycin, or atavaquone [9-11] -do not eliminate the 
intracellular parasite and are often associated with severe side effects [7]. Thus, alternative therapeutic 
compounds for treating toxoplasmosis are urgently needed. 
The aim of this study is to to evaluate the efficacy of essential oil of Myristica fragrans against T. gondii 
and in vitro cytotoxicity on normal cell line. 
2. Materials and methods 
2.1. Plant material 
The fresh fruits of nutmeg (Myristica fragrans) were obtained from Balik Pulau, Penang, Malaysia. 
Voucher specimen (11253) Myristica fragrans was authenticated by botanist, Mr. V. Shunmugam and 
deposited at the Herbarium Unit of the School of Biological Sciences, Universiti Sains Malaysia, Penang. 
2.2. Extraction of essential oil 
The fresh fruits of the Myristica fragrans were submitted to water distillation for 3 h using a modified 
Clevenger’s apparatus. The ground samples (200 g) were boiled with water (200 ml) for 3 h in a 1 liter round 
bottom flask fitted with a condenser. The extracted essential oils were dried over anhydrous sodium sulphate 
and after filtration, stored in amber glass vial at -20°C until tested and analyzed. 
2.3. Cytotoxicity Assay 
The cytotoxicity of the nutmeg essential oil was measured by 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay [12] with some modifications. On the day of the test, Vero cells 
were harvested and counted and the number of cell was adjusted to 12x104cells/mL. 100 μL of the cell 
suspension were seeded into each well of a 96-well plate and incubated at 37ºC in 5 % CO2 incubator for 24 
hr. The final concentrations ranged from 100μg/mL to the lowest 3.125 μg/mL. All tests were performed in 
triplicates. The control was cell suspension without sample. The culture was incubated for 24 hr. The medium 
(200 μL) was aspirated out from the well and the 100 μL of MTT- Phosphate Buffered Saline (PBS) (5mg/mL) 
solution in culture medium in ratio of 1: 9 were added to each well. The plate was covered with aluminium 
foil and further incubated for 4 hr in the incubator. The medium was then removed and replaced with 100 μL 
of dimethyl sulfoxide (DMSO) to solubilise the purple MTT formazan. The plates were shaken for 5 min 
before measuring the absorbance at 540 nm with a microplate reader. The percentage of growth inhibition (GI) 
was calculated using formula below: 
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       GI =  A treatment A control
A control
−  x 100%, where 
       A treatment = Absorbance of treatment 
       A control = Absorbance of control 
 
The mean 50 % growth inhibition concentration (IC50) was estimated from a dose-response curve. 
2.4. In vitro anti-parasitic assay 
Vero cells were harvested during exponential growth, cultured in 96-well plates (density= 12×104 cells/mL) 
and incubated at 37ºC in 5 % CO2 incubator for 24 hr.  Then, 6×105 parasites/mL of T.gondii parasite were 
added to each well (parasite: cell ratio = 5:1, final volume 200 μL) [3]. Six hours after inoculation, the 
cultures were washed twice with Dulbecco’s Modified Eagle Medium (DMEM) without Fetal bovine serum 
(FBS) to remove any non-adherent parasites. After 18 hr incubation, DMEM medium was added to each well 
along with serial concentrations of essential oil. After 24 hr of treatment, anti-T.gondii activity of nutmeg 
essential oil was examined using the MTT assay [12] with some modifications. Clindamycin served as the 
positive control. The assay was conducted in 96-well plates and assayed using a microplate reader using a 
wavelength of 540 nm. All of the test compounds were assayed in triplicate at each concentration. All data 
points represent the mean of three independent experiments. The percentage of growth inhibition (GI) was 
calculated manually using the formula: 
 
       GI = A treatment A control
A control
−  x 100%, where 
       A treatment = Absorbance of treatment 
       A control = Absorbance of control 
 
The median effective concentration (EC50) value refers to the concentration of the compound necessary to 
inhibit at 50% of the control values. A dose-response curve was plotted to calculate EC50. 
3. Results and discussion 
The results of cytotoxicity evaluation of the essential oil are shown in Table 1. The results showed that 
nutmeg essential oil possessed very low cytotoxicity against Vero cell line with IC50 at 24.83μg/ml. 
Table 1. The in vitro anti-parasitic activity of nutmeg essential oil and clindamycin on Toxoplasma gondii and cytoxicity activity on Vero 
cells. 
Sample Cytotoxicity. 
IC50 (μg/mL) 
In vitro anti-
T.gondii assay, 
EC50 (μg/mL)
Nutmeg 
essential oil 
24.83 24.45
Clindamycin - 16.57
 
The in vitro cytotoxicity study on Vero cell line is important since the cells will be used as the host cell to 
infect T.gondii parasites. Since the nutmeg oil showed very low cytotoxic effect, it may not affect the host cell 
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performance in the anti-parasitic assay and the anti- T.gondii activity results of the oil obtained would not be 
due to the toxic effects. Furthermore, previous study [13] reported that the propagation of T.gondii parasites in 
Vero cells produced high yield and viability of tachyzoites, with minimal host cell contamination. Hence, 
selection of Vero cells as the host cells for propagation of parasites will be appropriate to use in the 
investigation of anti- T.gondii activity. 
The EC50 value of the essential oil from the in vitro anti-T.gondii assay was determined and shown in 
Table 1. Nutmeg oil showed significant difference of inhibition against the T.gondii (p<0.01) in a dose-
dependent manner with IC50 of 24.45μg/mL. The EC50 value of clindamycin (positive control) was determined 
at 16.57μg/mL. The promising result suggested that nutmeg oil may contain some potential active compounds 
against T.gondii parasite such as as myristicin, limonene, eugenol and terpinen-4-ol.(14-17).  
 
4. Conclusion 
Summarizing these results, it can be concluded that nutmeg essential oil exhibited strong anti- T.gondii 
activity with low cytotoxic effects against normal cell line. Thus, the essential oil can be further studied on its 
action of mechanism and fractionation will be done to determine the strength of its anti- T. Gondii and the 
potential bioactive compound(s) will be determined. 
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